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Relapse of polymyalgia rheumatica following 
adjuvanted influenza vaccine: A case-based review

Introduction
Polymyalgia rheumatica (PMR) is a common inflammatory joint disease in older individuals, associated with 
increases in serum acute phase reactants. Imaging techniques have highlighted the presence of bursitis 
in the majority and vasculitis in some, in keeping with the overlap with giant cell arteritis (GCA) (1). Rapid 
symptomatic relief is obtained with prednisolone, but relapses are common when the steroid dose is re-
duced. The etiology and pathogenesis of PMR remain obscure. Both genetic predisposition and environ-
mental triggers are thought to play a role, but most research has explored the immunological aspects of 
the disease. Recently, it has been shown that the distribution of B cells is highly disturbed in PMR and GCA, 
and that B cells likely contribute to the enhanced interleukin-6 response seen in both diseases (2). 

Immunization has been reported as a rare trigger for vasculitides; a recent review of 1797 adverse events (AEs) 
reported across three international databases found that PMR represented 9.2% of reported AEs and was 
more frequently associated with influenza vaccines (3). In a review of 21 cases of GCA/PMR developing within 
3 months of influenza vaccination, the role that adjuvant or influenza virus antigen plays in triggering disease 
is discussed (4). Recently, one case of PMR has been described following influenza B infection (5).

Seasonal influenza infection is an important cause of death in older individuals. Recent data from Europe 
for 2016/2017 confirm that excess mortality, especially in people aged >65 years, was primarily explained 
by the circulation of influenza virus A (H3N2) (6). Indeed, seasonal epidemics of influenza can cause up to 
5 million infections and 250,000-650,000 deaths annually, from not only respiratory illness but also acute 
myocardial infarction (7) and other complications. Vaccination is the most effective intervention to prevent 
influenza and its associated morbidity and mortality and hence is recommended annually, especially in 
high-risk individuals. In the United Kingdom, uptake and effectiveness of influenza vaccination in seasons 
from 2010/2011 to 2016/2017 was high in people aged >65 years, with 80% of the >75 years receiving the 
vaccine (8). 

Influenza viruses are enveloped negative-sense, single-stranded, segmented RNA viruses that belong to 
the family Orthomyxoviridae and are grouped into four strains (A, B, C, and D). Only influenza strains A and 
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Abstract

Polymyalgia rheumatica (PMR) is the most common inflammatory rheumatological condition affect-
ing individuals aged >50 years. There have been rare reports of PMR and other vasculitides devel-
oping within 3 months of influenza vaccination. Influenza is a major public health issue associated 
with seasonal increased mortality and intensified health care service use. Annual vaccination is the 
most effective intervention to prevent influenza, especially in elderly individuals. We report a severe 
“flare” of PMR in a 70-year-old patient after receiving the adjuvanted trivalent influenza vaccine, as 
recommended by the Joint Committee on Vaccination and Immunisations for this age group in the 
UK National Health Service in 2018-2019. The adverse event (AE) could be interpreted as the newly 
described autoimmune/inflammatory syndrome induced by adjuvants (ASIA syndrome) as both PMR 
and ASIA display hyperactive immune responses. Caution is warranted in the use of vaccine adjuvants 
in patients with PMR with pre-existing imbalance of B and T cell homeostasis. Rare AEs are important 
to individuals, and personalized medicine means we should move away from “one size fits all” for 
vaccines, as well as for therapeutics. 
Keywords: Polymyalgia rheumatic, B-lymphocytes, vaccines, autoimmune inflammatory syndrome 
induced by adjuvants/ASIA syndrome, adjuvants, squalene
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B cause seasonal infections in humans. The vi-
ral envelope contains two major glycoproteins, 
hemagglutinin (HA) and neuraminidase (NA), 
and currently, the hemagglutination inhibition 
antibody (Ab) titre is regarded as the best avail-
able parameter for predicting protection from 
influenza infection. Unfortunately, Ab respons-
es and the protection elicited by available vac-
cines tend to be lower in older than in younger 
adults (9). This has led to the development of 
vaccines containing adjuvants which trigger 
a strong immune response at lower antigen 
doses (10); this is helpful not only in the elder-
ly but also in the public health situation of a 
threatened epidemic/pandemic. One vaccine 
adjuvant MF59® (Novartis International AG, 
Basel, Switzerland) is a squalene-based oil-in-
water emulsion that has been used in several 
registered pandemic and seasonal influenza 
vaccines since 1997. It has greater efficacy than 
non-adjuvanted vaccines, especially in reduc-
ing hospitalizations due to influenza-related 
complications (11). Hence in the UK, the Joint 
Committee on Vaccinations and Immunisa-
tions advised in October 2017 that FLUAD, an 
influenza vaccine containing MF59®, and HA 
should be used for the >65 years rather than 
non-adjuvanted vaccines. We describe a pa-
tient with PMR in whom this adjuvanted in-
fluenza vaccine preparation triggered a severe 
flare-up of disease and discuss the role of the 
adjuvant MF59®.

Case Presentation
A 65-year-old female presented in 2013 with 
pain and stiffness in her neck, girdle joints, and 
knees, particularly her left knee, preceded by 

“flu-like” symptoms (dry cough and headache) 
during a trip to New South Wales, Australia. 
She recalled multiple mosquito bites, so the 
possibility of Ross River fever, the most com-
mon mosquito-borne disease in Australia, was 
considered. It is caused by an arthritogenic 
alphavirus, Ross River virus (RRV), and leads to 
debilitating musculoskeletal inflammatory dis-
ease that usually resolves in 3-6 months (12). 
Treatment is supportive, but her symptoms 
worsened despite “over the counter” non-ste-
roidal anti-inflammatory medication. Her pain 
peaked in the mornings so that it became dif-
ficult to function before midday. She attended 
a general practitioner (GP) when blood tests 
revealed an elevated erythrocyte sedimen-
tation rate (ESR) of 120 mm/h (normal <21 
mm/h) and C-reactive protein (CRP) of 141.7 
mg/L (normal <3.0 mg/L), decreased albumin 
of 31 g/L (normal 35-50 g/L), and high normal 
globulin fraction of 39 g/L (normal 20-39 g/L). 
Negative results were obtained for rheumatoid 
factor, antinuclear Ab, RRV IgG and IgM Ab, Bar-
mah Forest virus (another alphavirus causing 
musculoskeletal disease) IgG and IgM Ab, and 
urinary Bence Jones protein. 

In view of these results showing activation of 
the inflammatory cascade (13) and a family his-
tory of PMR (her father), she was commenced 
on prednisolone 15 mg daily according to the 
guidelines of the Royal College of Physicians, 
London. After just 3 days of prednisolone, she 
was reviewed by a rheumatology specialist in 
Sydney when she was already symptomatical-
ly improved, and repeat blood tests reflected 
this with an ESR of 90 mm/h and a CRP of 71.4 
mg/L. Serum protein electrophoresis showed 
an increased alpha-1 globulin of 4.0 g/L (nor-
mal 0.3-2.0 g/L), alpha-2 globulin of 12.0 g/L 
(normal 4.0-8.5 g/L), and beta globulin of 10.0 
g/L (normal 5.0-9.5 g/L) with no paraprotein 
detected on serum electrophoresis. Additional 
tests showed negative cyclic citrullinated pep-
tide and neutrophil cytoplasmic antibody an-
tibodies. After 6 weeks of prednisolone 15 mg 
daily, she was clinically 95% better, and her CRP 
was 3.3 mg/L. On follow-up, prednisolone dose 
was gradually reduced from 15 mg to 6 mg 
over 9 months in 2013. In the early 2014, she 
developed focal distal interphalangeal joint ar-
thritis associated with some diurnal PMR symp-
toms so the glucocorticoid (GC) dose was tem-
porarily increased to 7.5 mg daily. Since 2015, 
her GC dose has always been <5 mg daily and 
was maintained at 3/2.5 mg on alternate days 
for most of 2017/2018. Although her disease 
was in remission with normal ESR and CRP 
levels, attempts to discontinue steroids were 
unsuccessful owing to mild symptoms in the 
mornings.

The patient’s influenza vaccination history 
over five decades of adulthood has proven to 
be difficult to ascertain accurately. As a health 
care professional working in a high-risk area for 
the last 20 years of her career, she followed UK 
public health advice and received influenza 
vaccination annually via her National Health 
Service employer. In addition to >20 influenza 
vaccinations over her working life, she had also 
received the adjuvant keyhole limpet hemo-
cyanin (KLH), a large T lymphocyte dependent 
immunostimulating protein, when she volun-
teered in a study on the primary, secondary, 
and tertiary immune responses of normal indi-
viduals to KLH (14). The influenza vaccines that 
the patient received after commencing GC for 
her PMR are the following:

· 2015 Intanza-trivalent, split virion, inactivat-
ed virus (Sanofi Pasteur MSD) (on predniso-
lone 5 mg daily).

· 2016 Fluarix Tetra-quadrivalent, split virion, 
inactivated virus (GSK) (on prednisolone 3.5 
mg daily). 

· 2017 FluQuadri-quadrivalent split virion, in-
activated virus (Sanofi Pasteur) (on prednis-
olone 3.0 mg daily). 

· 2018 Fluad-adjuvanted trivalent vaccine, 
each 0.5 mL intramuscular injection con-
tains at least 15 µg of HA (Seqirus) (on pred-
nisolone 3.0/2.5 mg alt die).

After the vaccination in October 2018, she de-
veloped the usual local side effects but soon 
began to feel fatigue, myalgia, and arthralgia, 
particularly in her left knee, the predominant 
site of her debilitating severe pain at presen-
tation of her PMR >5 years previously. She in-
creased her daily steroid dose to 4-5 mg on al-
ternate days, and at consultant review 2 weeks 
later, her ESR and CRP levels were normal. She 
hence pursued “self-help” with physiotherapy 
and exercise. Over the next 6 weeks, she dete-
riorated, and her left knee in particular became 
increasingly painful and swollen so that routine 
activities (e.g., getting out of the bath or down 
the stairs, gardening, cleaning, or driving her 
manual car) became very difficult, especially 
in the mornings. Indeed, mornings were spent 
attempting to get started on the day; she felt 
91 not 71 years old. Two months after receiv-
ing FLUAD, she was convinced that the vacci-
nation had caused a flare of her PMR, and she 
increased her GC dosage to 10 mg daily. Within 
a week, she was 70% improved. She was re-
viewed by her GP and specialist who reported 
the reaction to the Vaccine Adverse Event Re-
porting System (www.vaers.hhs.gov) and, via 
the yellow card system, to the Medicines and 
Healthcare products Regulatory Agency, UK. 
Eight months after the dose of prednisolone 

38

Bassendine and Bridge. Relapse of PMR following adjuvanted flu vaccine Eur J Rheumatol 2020; 7(1): 37-40

Main Points
• PMR is a heterogeneous condition which 

overlaps with GCA. We describe a female 
patient who presented with severe 
acute PMR (CRP 141.7 mg/L) who was in 
remission on low-dose prednisolone but 
experienced a significant relapse after 
adjuvanted influenza vaccination.

• The patient, a health care worker, had 
previously received multiple annual 
non-adjuvanted influenza vaccines, im-
plicating the vaccine adjuvant in her 
disease flare. Her symptoms could be 
interpeted as ASIA syndrome. 

• Caution is warranted in the use of vac-
cine adjuvants in patients with PMR who 
have pre-existing imbalance of B and T 
cell homeostasis.

• Rare AEs are important to individuals, 
and personalized medicine means we 
should move away from “one size fits all” 
in vaccines, as well as in therapeutics. 



was increased, she had weaned the dose back 
down to 5 mg daily which is still higher than 
her previous maintenance dose.

Discussion
The AE following influenza vaccination in this 
case is compatible with the rare cases of PMR 
developing within 3 months of vaccination 
previously reported (4). However, in view of the 
extensive influenza vaccination history in this 
health care worker, it is likely that the adjuvant 
component of the vaccine was responsible for 
the severe symptomatic relapse of her PMR. 

The adjuvant in FLUAD is MF59®; it contains 10 
mg of squalene per dose. Squalene is a natural-
ly occurring substance found in plants and an-
imals. It is a cholesterol precursor and obtained 
for commercial purposes primarily from shark 
liver oil. Over 22 million doses of squalene-con-
taining influenza vaccines have been adminis-
tered, and the safety of an MF59®-adjuvanted 
vaccine is well established through a large 
safety database (15). An alarm was raised 
when antibodies to squalene were detected 
in the blood of most patients affected by the 
chronic multisystem illness termed “Gulf War 
syndrome,” but no significant association was 
subsequently found (16). However, a single 
intradermal injection of squalene can induce 
a chronic T cell-mediated arthritis in certain 
strains of rodents (17). The dependence of this 
animal model on CD4+ T cells suggested a role 
for genes within the major histocompatibility 
complex. Arthritis transfer experiments con-
firmed the importance of T cells, particularly 
CD4+ cells in inducing joint inflammation (18). 

In 2011, a new syndrome termed “autoim-
mune/inflammatory syndrome induced by 
adjuvants” (ASIA) was defined (19). ASIA syn-
drome is associated with individual genetic 
predisposition and results from exposure to 
factors triggering hyperactive immune re-
sponses. A number of animal models of sys-
temic and organ specific “autoimmune” dis-
eases induced by adjuvants provide a proof 
of concept (20). In a descriptive analysis of 300 
cases in the international ASIA syndrome reg-
istry, arthralgia, myalgia, and chronic fatigue 
were the most frequently reported symptoms. 
Eighty-nine percent of patients were also diag-
nosed with another defined rheumatic/auto-
immune condition (21). Further analysis of 500 
cases confirmed that polygenic autoinflamma-
tory diseases were significantly associated with 
exposure to influenza vaccination (odds ratio 
10.98, 95% confidence interval 3.81-31.67), 
p<0.0001) (22). Although our patient interpret-
ed her symptoms of arthritis/bursitis, myalgia, 
and fatigue as a “flare” of her PMR, it remains 

possible that it could be interpreted as ASIA 
syndrome as both display hyperactive immune 
responses. 

In a study of patients with primary Sjögren’s syn-
drome vaccinated twice with the squalene-ad-
juvanted inactivated split-virion H1N1 vaccine 
Pandemrix (GlaxoSmithKline, Brentford, UK), it 
was found that patients not only developed 
higher H1N1 IgG titers of greater avidity than 
healthy controls on vaccination, but off-tar-
get B cells were also triggered resulting in in-
creased autoantibody titers (23). The authors 
concluded that “caution is warranted when 
considering vaccination in non-treated auto-
immune patients.” 

Autoantibodies have been reported in patients 
with PMR/GCA against a broad spectrum of 
human autoantigens (24). Recently, an as-
sociation between PMR/GCA and IgG auto-
antibodies against the N-terminal 27 amino 
acids of human ferritin heavy chain has been 
found; these were present in 92% of patients 
before initiation of treatment and 69% of pa-
tients with disease flares compared with 1% of 
healthy blood donors (25). 

Adjuvants, such as squalene, may trigger 
off-target B cells by increasing the frequency 
of T follicular helper cells (26). Patients with un-
treated PMR already have activated dendritic 
cells and monocytes/macrophages, disturbed 
B cell homeostasis (2), and a significant change 
in the Th17 cell to Treg cell ratio that is skewed 
toward an increased Th17 cell response (27). 
Although this disturbed B and T cell homeo-
stasis in PMR is corrected by prednisolone, it 
may be that the low maintenance GC dose in 
this case was inadequate to prevent off-target 
effects of the adjuvant, which the patient be-
lieves triggered her relapse. 

One influenza vaccine is not the same as anoth-
er, in terms of not only efficacy but also safety 
profile. For example, there is now consensus 
that the AS03-adjuvanted influenza vaccine is 
associated with an increased risk of narcolep-
sy (28). Future vaccines with novel adjuvants 
may lead to different AEs, and post marketing 
surveillance needs to be improved (29). In ad-
dition, emerging evidence suggests that the 
repeated influenza vaccinations given to this 
patient may not be favorable for the induction 
and quality of cellular responses which play a 
considerable role in cross-protective immunity 
to different influenza strains (30). The descrip-
tion of ASIA syndrome should prompt research 
into mechanisms and lead to personalized 
medicine in the field of vaccination. There is 
individual variation in immune responses to 

vaccines and adjuvants, and rare AEs are im-
portant to individuals. Patient choice needs to 
be respected; the approach should not be “one 
size fits all” for those aged >65 years.  

Informed Consent: Written informed consent was 
obtained from the patients who participated in this 
study. 

Peer-review: Externally peer-reviewed. 

Author Contributions: Concept - M.F.B.; Supervision 
- M.F.B.; Data Collection and/or Processing - M.F.B.; 
Analysis and/or Interpretation - M.F.B., S.H.B.; Litera-
ture Search - M.F.B., S.H.B.; Writing Manuscript - M.F.B., 
S.H.B.; Critical Review - M.F.B., S.H.B.

Conflict of Interest: The authors have no conflict of 
interest to declare. 

Financial Disclosure: The authors declared that this 
study has received no financial support. 

References
1. Gonzalez-Gay MA, Matteson EL, Castaneda 

S. Polymyalgia rheumatica. Lancet 2017; 390: 
1700-12. [CrossRef]

2. van der Geest KS, Abdulahad WH, Chalan P, Rut-
gers A, Horst G, Huitema MG, et al. Disturbed B 
cell homeostasis in newly diagnosed giant cell 
arteritis and polymyalgia rheumatica. Arthritis 
Rheumatol 2014; 66: 1927-38. [CrossRef]

3. Felicetti P, Trotta F, Bonetto C, Santuccio C, 
Brauchli Pernus Y, Burgner D, et al. Spontaneous 
reports of vasculitis as an adverse event follow-
ing immunization: A descriptive analysis across 
three international databases. Vaccine 2016; 34: 
6634-40. [CrossRef]

4. Soriano A, Verrecchia E, Marinaro A, Giovinale 
M, Fonnesu C, Landolfi R, et al. Giant cell arteri-
tis and polymyalgia rheumatica after influenza 
vaccination: report of 10 cases and review of the 
literature. Lupus 2012; 21: 153-7. [CrossRef]

5. Iwata K, Mizuno Y. A case of polymyalgia rheu-
matica following influenza B infection. Int J Gen 
Med 2015; 8: 345-7. [CrossRef]

6. Vestergaard LS, Nielsen J, Krause TG, Espenhain 
L, Tersago K, Bustos Sierra N, et al. Excess all-
cause and influenza-attributable mortality in 
Europe, December 2016 to February 2017. Euro 
Surveill 2017; 22: 30506. [CrossRef]

7. Kwong JC, Schwartz KL, Campitelli MA, Chung 
H, Crowcroft NS, Karnauchow T, et al. Acute 
Myocardial Infarction after Laboratory-Con-
firmed Influenza Infection. N Engl J Med 2018; 
378: 345-53. [CrossRef]

8. Pebody RG, Warburton F, Andrews N, Sinnath-
amby M, Yonova I, Reynolds A, et al. Uptake and 
effectiveness of influenza vaccine in those aged 
65 years and older in the United Kingdom, in-
fluenza seasons 2010/11 to 2016/17. Euro Sur-
veill 2018; 23. [CrossRef]

9. DiazGranados CA, Dunning AJ, Kimmel M, Kirby D, 
Treanor J, Collins A, et al. Efficacy of high-dose ver-
sus standard-dose influenza vaccine in older adults. 
N Engl J Med 2014; 371: 635-45. [CrossRef]

39

Eur J Rheumatol 2020; 7(1): 37-40 Bassendine and Bridge. Relapse of PMR following adjuvanted flu vaccine

https://doi.org/10.1016/S0140-6736(17)31825-1
https://doi.org/10.1002/art.38625
https://doi.org/10.1016/j.vaccine.2015.09.027
https://doi.org/10.1177/0961203311430222
https://doi.org/10.2147/IJGM.S92435
https://doi.org/10.2807/1560-7917.ES.2017.22.14.30506
https://doi.org/10.1056/NEJMoa1702090
https://doi.org/10.2807/1560-7917.ES.2018.23.39.1800092
https://doi.org/10.1056/NEJMoa1315727


10. Reed SG, Orr MT, Fox CB. Key roles of adjuvants 
in modern vaccines. Nat Med 2013; 19: 1597-
608. [CrossRef]

11. Domnich A, Arata L, Amicizia D, Puig-Bar-
bera J, Gasparini R, Panatto D. Effectiveness of 
MF59-adjuvanted seasonal influenza vaccine in 
the elderly: A systematic review and meta-anal-
ysis. Vaccine 2017; 35: 513-20. [CrossRef]

12. Liu X, Tharmarajah K, Taylor A. Ross River virus 
disease clinical presentation, pathogenesis and 
current therapeutic strategies. Microbes Infect 
2017; 19: 496-504. [CrossRef]

13. Bitik B, Mercan R, Tufan A, Tezcan E, Kucuk H, Il-
han M, et al. Differential diagnosis of elevated 
erythrocyte sedimentation rate and C-reactive 
protein levels: a rheumatology perspective. Eur 
J Rheumatol 2015; 2: 131-4. [CrossRef]

14. Devey ME, Bleasdale-Barr KM, Bird P, Amlot PL. 
Antibodies of different human IgG subclasses 
show distinct patterns of affinity maturation 
after immunization with keyhole limpet hae-
mocyanin. Immunology 1990; 70: 168-74.

15. O'Hagan DT. MF59 is a safe and potent vaccine 
adjuvant that enhances protection against 
influenza virus infection. Expert Rev Vaccines 
2007; 6: 699-710. [CrossRef]

16. Phillips CJ, Matyas GR, Hansen CJ, Alving CR, 
Smith TC, Ryan MA. Antibodies to squalene in 
US Navy Persian Gulf War veterans with chronic 
multisymptom illness. Vaccine 2009; 27: 3921-6. 
[CrossRef]

17. Carlson BC, Jansson AM, Larsson A, Bucht 
A, Lorentzen JC. The endogenous adjuvant 
squalene can induce a chronic T-cell-medi-
ated arthritis in rats. Am J Pathol 2000; 156: 
2057-65. [CrossRef]

18. Holm BC, Lorentzen JC, Bucht A. Adjuvant oil in-
duces waves of arthritogenic lymph node cells 
prior to arthritis onset. Clin Exp Immunol 2004; 
137: 59-64. [CrossRef]

19. Shoenfeld Y, Agmon-Levin N. 'ASIA' - autoim-
mune/inflammatory syndrome induced by ad-
juvants. J Autoimmun 2011; 36: 4-8. [CrossRef]

20. Cruz-Tapias P, Agmon-Levin N, Israeli E, An-
aya JM, Shoenfeld Y. Autoimmune (auto-in-
flammatory) syndrome induced by adjuvants 
(ASIA)--animal models as a proof of concept. 
Curr Med Chem 2013; 20: 4030-6. [CrossRef]

21. Watad A, Quaresma M, Bragazzi NL, Cervera R, 
Tervaert JWC, Amital H, et al. The autoimmune/
inflammatory syndrome induced by adjuvants 
(ASIA)/Shoenfeld's syndrome: descriptive anal-
ysis of 300 patients from the international ASIA 
syndrome registry. Clin Rheumatol 2018; 37: 
483-93. [CrossRef]

22. Watad A, Bragazzi NL, McGonagle D, Adawi M, 
Bridgewood C, Damiani G, et al. Autoimmune/
inflammatory syndrome induced by adjuvants 
(ASIA) demonstrates distinct autoimmune and 
autoinflammatory disease associations accord-
ing to the adjuvant subtype: Insights from an 
analysis of 500 cases. Clin Immunol 2019; 203: 
1-8. [CrossRef]

23. Brauner S, Folkersen L, Kvarnstrom M, Meisgen 
S, Petersen S, Franzen-Malmros M, et al. H1N1 
vaccination in Sjogren's syndrome triggers 
polyclonal B cell activation and promotes auto-
antibody production. Ann Rheum Dis 2017; 76: 
1755-63. [CrossRef]

24. Schmits R, Kubuschok B, Schuster S, Preuss KD, 
Pfreundschuh M. Analysis of the B cell repertoire 
against autoantigens in patients with giant cell 

arteritis and polymyalgia rheumatica. Clin Exp 
Immunol 2002; 127: 379-85. [CrossRef]

25. Baerlecken NT, Linnemann A, Gross WL, Moosig 
F, Vazquez-Rodriguez TR, Gonzalez-Gay MA, et 
al. Association of ferritin autoantibodies with 
giant cell arteritis/polymyalgia rheumatica. Ann 
Rheum Dis 2012; 71: 943-7. [CrossRef]

26. Lofano G, Mancini F, Salvatore G, Cantisani R, 
Monaci E, Carrisi C, et al. Oil-in-Water Emulsion 
MF59 Increases Germinal Center B Cell Differen-
tiation and Persistence in Response to Vaccina-
tion. J Immunol 2015; 195: 1617-27. [CrossRef]

27. Samson M, Audia S, Fraszczak J, Trad M, Ornetti 
P, Lakomy D, et al. Th1 and Th17 lymphocytes 
expressing CD161 are implicated in giant cell 
arteritis and polymyalgia rheumatica patho-
genesis. Arthritis Rheum 2012; 64: 3788-98. 
[CrossRef]

28. Edwards K, Hanquet G, Black S, Mignot E, Jan-
kosky C, Shimabukuro T, et al. Meeting report 
narcolepsy and pandemic influenza vacci-
nation: What we know and what we need to 
know before the next pandemic? A report 
from the 2nd IABS meeting. Biologicals 2019; 
60: 1-7. [CrossRef]

29. Chandler RE. Modernising vaccine surveil-
lance systems to improve detection of rare 
or poorly defined adverse events. BMJ 2019; 
365: l2268. [CrossRef]

30. Sridhar S, Begom S, Bermingham A, Hoschler K, 
Adamson W, Carman W, et al. Cellular immune 
correlates of protection against symptomatic 
pandemic influenza. Nat Med 2013; 19: 1305-
12. [CrossRef]

40

Bassendine and Bridge. Relapse of PMR following adjuvanted flu vaccine Eur J Rheumatol 2020; 7(1): 37-40

https://doi.org/10.1038/nm.3409
https://doi.org/10.1016/j.vaccine.2016.12.011
https://doi.org/10.1016/j.micinf.2017.07.001
https://doi.org/10.5152/eurjrheum.2015.0113
https://doi.org/10.1586/14760584.6.5.699
https://doi.org/10.1016/j.vaccine.2009.03.091
https://doi.org/10.1016/S0002-9440(10)65077-8
https://doi.org/10.1111/j.1365-2249.2004.02498.x
https://doi.org/10.1016/j.jaut.2010.07.003
https://doi.org/10.2174/09298673113209990253
https://doi.org/10.1007/s10067-017-3748-9
https://doi.org/10.1016/j.clim.2019.03.007
https://doi.org/10.1136/annrheumdis-2016-210509
https://doi.org/10.1046/j.1365-2249.2002.01751.x
https://doi.org/10.1136/annrheumdis-2011-200413
https://doi.org/10.4049/jimmunol.1402604
https://doi.org/10.1002/art.34647
https://doi.org/10.1016/j.biologicals.2019.05.005
https://doi.org/10.1136/bmj.l2268
https://doi.org/10.1038/nm.3350

